Conditions influencing the opening of the bean (Phaseolus vulgaris L.) and cotton (Gossypium hirsutum L.) hypocotyl hook were defined. Such hooks were shown to undergo geotropic curvature; orientation of the hook with respect to gravity greatly affected the observed opening. Cotton and bean hooks behaved exactly opposite in regard to the presence of the cotyledons and apical bud. The cotton hook required the cotyledons for opening, but the corresponding tissue slowed or inhibited opening of the bean hook. With cotton, lower hypocotyl and root tissues stimulated hook opening, but with bean, the tissues below the hook section had little effect. Kinetin 575 and 700 nm and 0.4 ,uw/cm2 beyond 700 nm. Unless otherwise noted, all red light exposures were for 2 hr. The handling of the plant material was done under one of two green safe lights. One of these had a single peak intensity in the visible at 557 nm with irradiation at the surface of the filter of 0.55 ,uw/ cm2 between 525 and 600 nm, and no measurable radiation up to 790 nm beyond which there was a gradual increase in irradiation.
The opening of the hypocotyl hook of etiolated bean seedlings was proposed by W. H. Klein et al. (5) as a quantitative measurement of the photomorphogenic response in plants. He defined conditions for obtaining an optimum response. This method gives a simple and convenient technique for studying the red and far red responses and the interaction with various substances applied exogenously to the tissue.
Additional study of the hypocotyl hook opening process was indicated to us because: (a) in our hands modification of the conditions of the bioassay revealed that it is sensitive to several external factors, (b) study of the process has been restricted to beans and primarily excised tissue, and (c) the control of hook opening in intact plants has not been fully elucidated. The study 1 This investigation was supported in part by the Cotton Producers Institute and the National Cotton Council of America; it is a contribution of the Texas Agricultural Experiment Station. A preliminary report of the work has been presented (Plant Physiol. Supplement 43: S-45. 1968.). described in this paper defines some of the factors affecting the opening of bean and cotton hooks and makes a comparison of their behavior as it occurs in seedlings.
MATERIALS AND METHODS
The seeds (Phaseolus vulgaris L. cv. Valentine and Gossypium hirsutum L. cv. Acala 4-42) used in this work were surface-sterilized with 80%7, alcohol for 2 min followed by a 4-min soaking in Zephrian chloride (alkyl dimethylbenzylammonium chloride) at a dilution of 1 g of active ingredient per 100 ml. They were then thoroughly washed with sterile water, soaked for 1 hr, and spread on the surface of a tray filled one-half full with sterilized vermiculite (autoclaved for 80 min at 120 C). The seeds were covered with 3 cm of sterile vermiculite and germinated in the dark at room temperature about (25 C). The seedlings were used 1 to 2 days after emergence. Cutting and measurements o the hypocotyl hooks were done as described by W. H. Klein et al. (5 (Fig. 1) . Angle a uses the open end of the hook and the portion exactly opposite it, and angle : uses the basal portion of the hook as a base for measurement. The results of using these methods of measurements on hooks oriented differently with respect to gravity is shown in Figure 2 . Angle : includes the geotropic curvature and can give erroneous results. In the experimental work described in this paper the hooks were always placed in the horizontal flat position and angle a measured.
An intact bean seedling is diagrammed in Figure 3 showing the designation used in this paper for the various portions of the seedling. It to hooks without cotyledons it is implied that the epicotyl is also absent. The parts of a cotton seedling were similarly designated. When cotyledons were excised from cotton, however, a small portion of the cotyledonary petioles and the epicotyl occasionally remained with the hook section. The presence or absence of a terminal bud in cotton did not affect hook opening as observed by time lapse photography. In cases where sections larger than hooks were used, the material was carefully placed in covered polyethylene pans on two sheets of Whatman No. 3 filter paper saturated with water.
Data were analyzed by Duncan's multiple range test.
RESULTS
Our initial experiments were designed to determine the effect of surrounding tissues on the hook. Cotyledons had a pronounced effect on light-induced hook opening (Table I) . As previously demonstrated (4), the cotyledons inhibited or delayed the opening of bean hook, but just the opposite effect was observed with cotton. In regard to other tissues, the lower hypocotyl and roots had little effect on opening of the bean hooks. In the treatment where cotyledons and roots were absent, the lower hypocotyl (Fig. 4) . Thus, either the cotyledon or hypocotyl of the cotton seedling may serve as the light receptor.
The effects of several plant hormones and growth substances on bean and cotton hook opening were tested under our experimental conditions. The filter paper in the Petri dishes was wetted with various concentrations of the substances being tested. After the hooks were cut, they were placed in Petri dishes for 5 hr in the dark and then exposed to 2 hr of red light. This delay was given to allow the tissue to take up some of the test compound before light exposure. The effect of gibberellic acid, kinetin, and IAA on bean hooks is shown in Table III . Gibberellic acid stimulated hook opening at low concentrations in either light or dark. Kinetin inhibited opening at the higher concentrations in the light and induced hook closure in the dark. IAA did not appear to have an obvious effect in the dark but induced hook closure in the light. The results with cotton hooks are shown in Table IV . Gibberellic acid stimulated hook opening, and the effect tended to increase with concentration. In the dark, GA3 stimulated hook opening at high concentrations (10-4 or 10-3 M). It also caused an increased opening of hooks without cotyledons. These stimulatory effects were less than those of light or cotyledons. Kinetin had no effect on hook opening at lower concentrations, but it inhibited the light-induced response at higher concentrations (2.3 X 10-I M). At 2.3 X 10-4 M, kinetin caused tissue injury when the cotyledons were removed, but lower concentrations showed no such effect. IAA was without effect on hook opening except at high concentrations where there was a slight inhibition of opening in hooks with cotyledons and a slight stimulation of opening of hooks without cotyledons. IAA did not, however, cause a stimulation equivalent to that of the cotyledons. The enhancement of hook opening by cotyledons was expressed in the presence of GA3, kinetin, and IAA in red light and darkness.
An additional test was conducted with the growth and germination inhibitor, coumarin (Table V) . Under conditions that gave optimum hook opening, 10-4 M coumarin effectively inhibited opening of bean and cotton hooks. A 5-fold higher concentration induced a striking closure of bean hooks.
A subsequent experiment was performed to ascertain the effect of reduced oxygen levels on hook opening. In this experiment, N2 or air was passed over the hooks in the sequence indicted in Table VI . If air was supplied following the light period, hook opening occurred. DISCUSSION Tissues both above and below the bean hook affect the opening process (Table I ). The inhibitory effect of the tissue above the hook section in beans agrees with previous findings (3, 4) . While the apical tissues delay or slow down bean hook opening, it should be noted that the hooks do eventually open under both field and laboratory conditions. The effects of the lower hypocotyl or roots on hook opening were not determined by W. H. Klein.
Recently R. M. Klein (3) found that the lower hypocotyl increased opening of bean hooks, but he did not study the effect of roots. His results with the hypocotyl were not substantiated by our experiments. We found that the lower hypocotyl caused a slight inhibition of hook opening when the cotyledons were absent, and no effect when the cotyledons were present. The differences which were observed were small and the significance of the inhibition of opening by the tissue below the hook is obscure.
The effect of cotyledons on opening of cotton hooks was diametrically opposite to that of bean. With cotton the cotyledons greatly stimulated hook opening (Table I) . In fact, after removal of the cotyledons, cotton hooks opened poorly if at all in light or dark. With the cotyledons attached, cotton hooks opened slowly even in the dark. This gave rise to variability from experiment to experiment since the dark-grown cotton seedlings were not always at exactly the same stage at the beginning of the experiment. The effect of tissue below the cotton hook on opening indicates that there was a substance stimulatory to hook opening present in both the root and hypocotyl.
The differences in the two species we studied raise the questions of which type of behavior is more common in nature and the reason for the differences in behavior. With reference to the first question, our preliminary experiments indicate that the bean type of hook opening is more common. In regard to the second question, the cotton cotyledons are not required as a light receptor organ since it was shown (Fig. 4) that the hypocotyl is equally effective.
The cotyledonary inhibition of the opening of bean hook in intact seedlings was shown for short exposures to red light (Moraes et al., 6) . This function of cotyledons to inhibit the straightening of the hypocotyl of undisturbed bean seedlings also is present under high light intensity (Table II) . In addition, these organs stimulate the opening of intact cotton seedlings. These relationships suggest that cotyledons regulate hook opening in field-grown seedlings. In bean plants the cotyledons slow or delay but do not prevent opening. In cotton, cotyledons are necessary for normal opening to occur. Plants such as cotton that require cotyledons for opening could be greatly influenced by conditions that might damage the cotyledons. Such damage may modify subsequent growth.
Previous reports of the effects of plant growth substances on bean hook opening are not in complete agreement with one another or with the present study. Some of the inconsistencies are due to the different concentrations of the materials tested. W. H. Klein (5) found that 10-5 to 10-7 M GA and kinetin inhibited light-stimulated hook opening and caused hook closure in the dark. R. M. Klein (3) stimulated hook opening in the light with GA; however, he employed the material at 10-3 to 10-4 M. In agreement with R. M. Klein (4) we observed that GA stimulated hook opening in both light and dark (Table III) The effect of LAA on bean hook opening had been studied previously only at concentrations of 10-5 M and less. Generally, increasing IAA levels progressively inhibited red light-induced hook opening to the extent that at 10-5 M hooks were closed slightly more in red light than in the dark (Kang et al., 2). At concentrations above 10-5 M IAA, it is very apparent that IAA more actively closes hooks in red light than in the dark (Table III) , a result that was not previously apparent. Thus, over the range of 10-7 to 10-3 M the activity of IAA in the hook opening and closing process increases much more in red light than in darkness (Table  III) . This observation is supported by the inactivity of MAA in the dark in our tests and the rather small hook closing responses observed at 10-5 M by others (2, 4) .
With cotton, IAA was relatively ineffective until the concentration reached 10-4 M, where if the cotyledons were present, it caused an inhibition of hook opening. When the cotyledons were excised, the only effect of IAA was to stimulate opening at the high level of 10-3 M. Kinetin produced much the same effect on cotton hooks with cotyledons as on bean hooks. Without cotyledons there was little or no effect of kinetin on the cotton hook opening. It is evident that the essential factor for hook opening received from the cotyledons of cotton was not supplied by GA3, kinetin, or IAA. While GA3 did stimulate hook opening, this effect was not so great in the absence as in the presence of cotyledons.
The most striking effect of any of the growth substances tested was the inhibition of hook opening caused by coumarin. Coumarin has been known to promote growth at low concentrations and to inhibit growth at higher concentrations (7) . In the bean experiment, however, the coumarin-mediated inhibition of hook opening, presumably growth inhibition, was expressed to the extent that the hooks closed.
Hook opening is an aerobic process and can be inhibited by incubating the hooks in nitrogen (Table VI) 
